Three outbreaks of late-gestation abortions in does and ulcerative posthitis in bucks, associated with caprine herpes virus-1 (CHV-1), in California are described. In herd A, 10 of 17 does aborted in a 7-day period, whereas in herd B, 4 of 130 does aborted in a 45-day period and in herd C, 100 of 300 does aborted in a 3-week period. Most fetuses had multifocal pinpoint depressed foci with a zone of hyperemia on external and cut surfaces of the kidneys, liver, lungs, and adrenal glands. Histologically, scattered multifocal areas of necrosis with mild neutrophilic infiltrate were observed in kidneys, brain, liver, adrenal glands, and lungs of most fetuses of the 3 herds. Large amphophilic intranuclear inclusion bodies, which displaced the chromatin, were observed in cells within and around the necrotic foci in kidneys and adrenal glands. Particles 85-113 nm in size with morphology compatible with herpes virus were observed in the nuclei of these cells when examined by electron microscopy. Irregular, shallow, red ulcers were observed in the prepuce of 1 buck from herd C. Prepuce biopsies from this animal had necrosis of the superficial mucosal epithelium and severe submucosal lymphoplasmocytic infiltrates. Large intranuclear amphophilic inclusion bodies were observed in most cells of the stratum spinosum of the preputial epithelium, but no viral particles were observed in these cells. Caprine herpes virus-1 was isolated from tissue pools of fetuses from the 3 herds but not from prepuce biopsies. Positive results were obtained when tissues of a fetus from herd C were processed by a polymerase chain reaction technique to amplify the amino terminus of the glycoprotein C gene of CHV-1. Sera from aborted does from herds B and C and from the 3 bucks from herd C had high antibody titers to CHV-1. The results presented here support the hypothesis that the male goat is involved in the transmission of CHV-1. However, other forms of transmission cannot be ruled out.
Caprine herpesvirus-1 (CHV-1), an alphaherpesvirus closely related to bovine herpesvirus, causes enteritis and generalized infections in neonatal kids. 9 In adult goats, CHV-1 can induce vulvovaginitis, 3, 4 balanoposthitis, 13 respiratory disease, or abortion, 1 although most CHV-1 infections are subclinical. 9 There are few reports of spontaneous caprine abortions associated with CHV-1 infection, 7, 16 and information about pathogenesis and postmortem lesions of CHV-1 infection in goats in the literature is uncommon. In addition, posthitis associated with CHV-1 infection has been described in Australia 13 but has not been reported in the United States. Neither has it been reported associated with cases of abortion in goats. Three outbreaks of CHV-1 abortions in California, 1 of which was associated with ulcerative posthitis, are described here.
In herd A, 10 of 17 crossbred does aborted during a 7-day period in the Stanislaus County, California, in March 1994. No other clinical signs were reported by the submitting veterinarian in the does of this herd. Two twin fetuses and a placenta were submitted for necropsy to the California Animal Health and Food Safety Laboratory System (CAHFS), Davis, California.
In herd B, 4 of 130 crossbred does aborted during a 45-day period in the San Joaquín County, California, in April and May 2002. No other clinical signs were reported by the submitting veterinarian in the does of this herd. Two fetuses were submitted for necropsy to the CAHFS, Davis, California.
In herd C, 100 of 300 Boer does aborted during a 3-week period in the San Diego County, California, in February 2002. In this herd there were also 3 bucks with which the does had been bred the previous season. Six fetuses and 2 placentas were submitted for necropsy to the CAHFS, San Bernardino, California. Twenty does from this herd (including 10 that had recently aborted) and the 3 bucks were clinically examined with special emphasis on the reproductive tract. Local anesthesia was administered and the preputial mucosa of each of the 3 bucks was biopsied.
These biopsies were subdivided into 4 equal pieces that were processed for histology, transmission electron microscopy (TEM), virus isolation, and polymerase chain reaction (PCR), as described below.
Samples of the placentas, heart, lungs, spleen, liver, kidneys, adrenal glands, forestomachs, and abomasums from most of the fetuses from the 3 herds submitted for postmortem examination, and also preputial biopsies of the 3 bucks in herd C, were fixed for 24 hours in 10% neutral-buffered formalin. The samples were dehydrated through graded alcohols to xylene, embedded in paraffin, sectioned at 4 m thick, and stained with hematoxylin and eosin. Selected sections of brain from the 2 fetuses of herd A were also processed by an avidin-biotin complex a immunoperoxidase test using primary antibodies against Neospora caninum b and Toxoplasma gondii, c according to the manufacturers' instructions.
Samples of lungs, liver, kidneys, brain, and abomasum content from most fetuses and of the placentas from all herds were aseptically collected and submitted for routine bacterial culture under aerobic, anaerobic, and microaerophilic conditions. Samples of abomasal content from the fetuses of herds A and B were also examined under a dark-field microscope for Campylobacter-like organisms. Smears of placenta from all the 3 herds were Gram stained using standard techniques. Tissues or tissue smears from the fetuses of the 3 herds were also subjected to fluorescent antibody tests (FAT) for Chlamydophilia psittaci and Leptospira spp.
Sera from 1, 4, and 10 aborted does in herds A, B, and C, respectively, and from the 3 bucks in herd C, were submitted for investigation. Most serum samples were tested for antibodies to Leptospira interrogans, serovars pomona, canicola, gryppotyphosa, hardjo, and icterohemorragiae by the microagglutination test, Toxoplasma spp. by a latex agglutination test, smooth Brucella sp. by the standard plate agglutination test, bluetongue virus by cELISA, Coxiella burnetti by complement fixation test (herd C only), and N. caninum by FAT (herd A only). In addition, the serum samples from herds B and C were tested for antibodies for CHV-1 by a standard microtitration serum-virus neutralization test using a 2-fold dilution of serum with 100-300 tissue culture infective dose (50%) of CHV-1. 17 End point of neutralizing antibody was determined as the highest dilution of serum that was free of CHV-1 cytopathic effect (CPE) in bovine turbinate cells.
Tissue pools (spleen, liver, lungs, kidneys, and adrenal glands) of all the fetuses from herds A and B, from 5 fetuses from herd C, and prepuce from the 3 bucks of herd C were aseptically collected in viral transport medium and frozen at Ϫ20 C until processed for virus isolation. Tissues were homogenated and inoculated onto Madin Darby bovine kidney cell cul-tures. The homogenates were filtered (0.45 m) if the specimens had gross microbial contamination. The cell cultures were observed daily for CPE by negative stain electron microscopy. When CPE was detected, the cell culture supernatant was examined by direct negativestain TEM.
Frozen liver from the 2 fetuses of herd B, formalinfixed, paraffin-embedded tissues of kidneys, spleen, lungs, liver, rumen, skeletal muscle, adrenal glands, and heart from 1 of the fetuses of herd C, and also frozen preputial biopsies from the 3 bucks in herd C were evaluated by PCR to target the amino terminus of glycoprotein C gene of CHV-1, as described previously. 10 Deoxyribonucleic acid was extracted from formalin-fixed tissues using the Genereleaser kit d and from frozen tissues using the Qiagen Mini Kit. e Polymerase chain reaction conditions and primer sequences were used as described previously to obtain a 182-bp amplicon. 10 Amplification products were separated by electrophoresis in 1.5% agarose gels and observed by ethidium bromide staining under UV light. A CHV-1 isolate was used as a positive control, whereas tissueextracted DNA was replaced by distilled water in negative controls.
Samples of kidneys and adrenal glands from 1 fetus each of herds B and C and the preputial biopsies from the 3 bucks in herd C were placed in half-strength Karnovsky fixative and processed for thin-section TEM. After aldehyde fixation, tissues were washed in 0.2 M sodium cacodylate, postfixed in 2% osmium tetroxide reduced with 2.5% potassium ferrocyanide, dehydrated in ethanol, and infiltrated and embedded in Spurr epoxy resin formulation. Thick sections were mounted on glass slides, stained with toluidine blue, and observed by light microscopy. Thin sections were cut and mounted on 150-mesh copper grids, stained briefly with 6% methanolic uranyl acetate, poststained in Reynold lead citrate, and observed in a LEO 906E transmission electron microscope f at 60 kv accelerating voltage.
Apart from the abortions, no clinical signs were observed in the does examined from herd C. Irregular, 2-20 mm, shallow ulcers were observed on the prepuce of 1 of the bucks from herd C ( Fig. 1 ), but no lesions were observed in the other 2 bucks.
Fetuses from all herds examined were in late gestation and most had moderate autolysis at the time of abortion. Both fetuses from herd A and 1 fetus from herd C had multifocal 1-2-mm diameter, depressed, circular to irregular foci with a zone of hyperemia on external and cut surfaces of the renal cortex, liver, and lungs. One of the fetuses from herd A also had similar lesions in the adrenal glands cortex. In addition, all fetuses from herd C had variable degrees of gelatinous hemorrhagic subcutaneous edema involving the head, Table 1) .
Multifocal coagulative necrosis with mild neutrophilic infiltrates or no inflammatory reaction was evident in kidneys, liver, lungs, brain, and adrenal glands of most fetuses from the 3 herds (Table 1) . Large eosinophilic to amphophilic intranuclear inclusion bodies, which occupied most of the nuclei with chromatin margination, were seen in cells of liver, kidneys (Fig.  2) , lungs, and adrenal glands cortex, mostly in the periphery of the necrotic foci. No histological lesions were evident in any of the placentas examined. The prepuce of the buck with gross lesions had multifocal areas of ulceration and severe submucosal lymphoplasmocytic infiltrates. The remaining epithelium was hyperplastic. Many large, pale, amphophilic intranu-clear inclusion bodies occupying most of the nuclei were observed in the cells of the stratum spinosum ( Fig. 3) . With the exception of moderate diffuse lymphoplasmocytic infiltrates of the submucosa, no other histological changes were observed in the prepuce of the other 2 bucks examined.
No bacterial pathogens were isolated or observed by Gram stain in any of the fetuses or placentas from all herds examined. Chlamydophilia psittaci, Leptospira spp., N. caninum, or T. gondii were not detected in tissues or tissue smears by FAT or immunoperoxidase.
All animals tested from herds B and C had antibody titers greater than or equal to 1:256 for CHV-1. All the samples from the 3 herds tested negative on all the other serological tests, except for herd C where 3 does had low antibody titers (1:10) for C. burnetti, 8 does were positive for bluetongue virus, and 4 does had moderate titers (3, 1:16; 1, 1:64) for Toxoplasma spp.
Cytopathic effect typical of herpesvirus (foci of rounded cells) was detected within 48 hours in cell cultures inoculated with tissue filtrates from the fetuses of herds A (1 fetus), B (2 fetuses), and C (2 fetuses) ( Table 1) . Transmission electron microscopy identified viral particles compatible with herpesvirus in the supernatants of the first-passage material. No alterations were observed in the cell cultures inoculated with tissue filtrates of preputial biopsies from herd C.
Particles 85-113 nm in size with morphology compatible with herpesvirus ( Fig. 4) were observed in the nuclei of cells in the necrotic foci of kidneys and adrenal glands of 1 fetus each from herds B and C examined by TEM (Table 1) but not in any of the sections of prepuce from the bucks. In the prepuce, the large intranuclear inclusion bodies observed under light microscopy consisted of thin fibrillar material and no viral particles were seen.
Positive results were obtained when formalin-fixed, paraffin-embedded tissues from kidneys, lungs, skele-tal muscle, adrenal glands, and heart of a fetus from herd C were processed by the PCR technique ( Fig. 5 ). Frozen liver from the 2 fetuses of herd B and prepuce biopsies of the 3 bucks form herd C processed by the same technique were negative by PCR (Table 1) .
Goats are susceptible to infection by several herpesviruses. Bovine herpesvirus-1 experimentally produces a respiratory disease. 8 Caprine herpesvirus-1, also called bovine herpesvirus-6, has been associated with diarrhea and respiratory signs in goat kids 9 and abortion 17 and genital lesions in adult goats. 4, 13 Although only 2 reports have been published describing abortions in goats naturally infected with CHV-1, 7,17 several reports document abortion in goats experimentally inoculated with this virus. 1, 11, 16 In this study, a presumptive diagnosis of CHV-1 infection was made on the basis of pathological changes. The diagnosis was confirmed by virus isolation in all 3 herds, TEM in herds B and C and PCR in herd C.
Several other causes of abortion were ruled out in this study using various tests. The antibody responses to C. burnetti, bluetongue virus, and Toxoplasma spp. in herd C were assumed to be residual and of no clinical significance because the titers were low and the clinical signs and postmortem findings were not consistent with infections by these agents.
Caprine herpesvirus-1 was not isolated from some of the fetuses originating in infected herds and that had gross and histologic lesions (including intranuclear inclusion bodies) characteristic of CHV-1 infection. Information about the pathogenesis of this infection in pregnant does and fetuses is uncommon. Although it is possible that CHV-1 disappears from affected organs after an initial period of viremia, the presence of intranuclear inclusion bodies in cells in and around necrotic foci suggests that this was not the case in most of the fetuses included in this study. It is possible that the inclusion bodies observed by light microscopy had viral particles that were not viable in those cases in which virus isolation was negative. It is also possible that antibodies were present in the tissue pools and that they hampered the virus isolation procedures because some of the does that aborted had relatively high anti-CHV-1 antibody titers. In a recent study of exotic Newcastle disease in chickens, it was found that virus isolation was less efficient from tissue pools than from swabs. 15 The authors of the mentioned study 15 suggested that specific antibodies present in the tissues could have neutralized the virus, thereby hampering virus isolation.
A few samples of formalin-fixed tissues from a fetus of herd C that had positive virus isolation were also negative by PCR ( Fig. 5 ). It is known that most fixatives, including formalin, alter DNA. 2 It is therefore possible that some alteration occurred in the viral DNA of the samples because of the formalin fixation. Also, because this technique was performed on paraffin blocks and the lesions were focal, it is possible that the sections processed did not include areas with virus. In a study of PCR detection of mycobacterial DNA in paraffin blocks of human granulomatous lymphadenopathy, 14 the percentage of positive cases was markedly improved if multiple sections at different levels of the block were examined. Totsch et al. 14 concluded that a multiple sampling protocol improved test efficiency because the agent was unevenly distributed in the tissues.
It is surprising that no viral particles were seen in the TEM sections of the prepuce of 1 buck that had many inclusion bodies observed by light microscopy. These inclusion bodies were morphologically different from those observed in the kidneys and adrenal glands of aborted fetuses. Nonviral inclusions have been described before in cells infected by different viruses 5, 6 and although the origin and role of those inclusions has not been definitively explained, it has been proposed that they are a cellular response to metabolic failure in virus-infected cells. 5, 6 This also poses the question of whether the ulcerative posthitis in this buck was related to the CHV-1 infection. This could not definitively be determined, although the fact that the gross and histological preputial lesions described in the present report are very similar to those described previously in bucks from which CHV-1 was isolated in Australia, 13 suggests that the CHV-1 caused that lesion. This, together with the isolation of CHV-1 from fetuses aborted in the same herd where this buck had been for several years, provides evidence for the etiological role of CHV-1 in the development of the pre-putial lesions. Only 1 of the 3 bucks from herd C had genital lesions. Transmission of genital disease by CHV-1 is presumed to be venereal, but bucks need not be infected or have active lesions to spread the disease amongst does.
No clinical alterations, apart from the abortions, were observed in the does of any of the herds. An outbreak of vulvovaginitis in goats caused by a herpesvirus very closely related to a Californian herpesvirus isolate was reported in New Zealand. 4 In that outbreak, vulvovaginal lesions were observed in the does approximately 2 weeks after they had been in contact with 2 infected teaser bucks, but neither abortions nor genital lesions after delivery were reported. 4 The authors suggested that the main method of spread of CHV-1 was venereal. Because direct contact has been shown to be an alternative method of spread with infections pustular vulvovaginitis in cattle, 12 this mode of infection may have accounted for the reported outbreak.
